Experimental results from six recent Power Burst Facility (PBF) reactivity initiated accident (RIA) tests are compared with data from previous Special Power Excursion Reactor Test (SPERT), and Japanese Nuclear Safety Research Reactor (NSRR) tests. The RIA fuel behavior experimental program recently started in the PBF is being conducted with coolant conditions typical of hot-startup conditions in a conmercial boiling water reactor. The SPERT and NSRR test programs investigated the behavior of single or small clusters of light water reactor (LWR) type fuel rods under approximate room temperature and atmospheric pressure conditions in capsules containing stagnant water. As observed in the SPERT-and NSRR tests, energy deposition, and consequent enthalpy increase in the PBF test fuel, appears to be the single most important variable. However, the consequences of failure at boiling water hot-startup system conditions appear to be more severe than previously observed in either the stagnant capsuls SPERT or NSRR tests. Metal 1ographic examination of both previously unirradiated and irradiated PBF fuel rod cross sections revealed extensive variation in cladding wall thicknesses (involving considerable plastic flow) and fuel shattering along grain boundaries in both restructured and unrestructured-tu&\-cesLJons. Oxidation of the cladding resulted in fracture at the location of cladding thinning and disintegration of the rods during quench. In addition, swelling of the gaseous and potentially volatile fission products in previously irradiated fuel resulted in volume increases of up to 180% and blockage of the coolant channels within the flow shrouds surrounding the fuel rods. 
In tests with fuel rods previously irradiated to bumups of up to 32 GWd/t, rod failures occurred at lower energy depositions in some cases than similar unirradlated fuel rods, with little sensitivity attributable to the degree of burnup. The lower failure threshold was not statistically established because only a few previously irradiated rods were tested.
The consequences of unirradiated fuel rod failures were insignificant below about 300 cal/g U0 2 . In the 300 to 500 cal/g U0 2 range, fuel rods were broken up and fragmented, but the resulting coolant pressures did not exceed a few MPa and nuclear-to-mechanical energy conversions did not exceed 1% of the total nuclear energy deposited.
Metal-water reaction was first detectable at about 200 cal/g UOg and increased to about 5O9S of the cladding wall thickness at 500 cal/g UO2-Tests at over 600 cal/g UO2 had more severe consequences, with resultant coolant pressure increases to 12 MPa, energy conversions to nearly 335, and metal-water reaction to nearly 100SS of the cladding. Pressure and mechanical energy generation were detected at lower energy depositions (>200 cal/g U0 5 ) for preirradiated rods; however, the observed magnitudes were relatively insignificant . helium and argon to 0.1 MPa. The other Test RIA 1-1 irradiated fuel rod was unopened prior to testing. On the basis of measurements of similar rods, the internal gas pressure within this rod was also about 0.1 MPa. Two of the Test RIA 1-2 previously irradiated fuel rods were backfilled with a mixture of helium and argon to 2.3 MPa, a third rod wac backfilled with the same mixture of gases to 0.1 MPa, and the fourth rod was unopened prior to testing. The specific burnups and rod internal pressures of the Tests RIA 1-1 and RIA 1-2 rods are summarized in Table I.   TABLE I Figure 6 . Grain growth and extensive grain boundary separation are shown. There is no evidence of fuel melting. The grain boundary separation (fuel powdering) probably occurred due to a combination of severe loss of grain boundary strength at elevated temperature and significant thermal stresses upon quenching from a film boiling condition . As shown in Figure 5 , a considerable amount of powdered fuel is missing and presumably was washed out of the rod after the rod was quenched and fractured.
TEST DESIGN AND CONDUCT
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Pellet periphery Cladding U-Zr duplex interaction layer The other Test RIA 1-2 unpressurized rod (which had been opened to insert a plenum pressure transducer) did not fail. The two prepressurized rods (2.4 KPa) also did not fail, but did experience cladding ballooning with a volume increase of approximately 20%. These results suggest that previously irradiated zircaloy cladding (which has experienced fast neutron damage) is susceptible to something similar to stress corrosicn cracking due to pellet-cladding interaction (PCI) when the fission product chemistry remains undisturbed. Prepressurization of the previously irradiated Saxton rods probably provided a cushion between the fuel and cladding and lowered the strain rate, and opening of the rods probably also changed the fission product chemistry and thereby decreased the propensity for PCI failure during an RIA.
CONCLUSIONS
The failure threshold of previously irradiated LWR-type fuel rods subjected to an RIA with coolant conditions typical of hot-startup conditions in a commercial boiling water reactor is about 150 cal/g UOo a .
The failure mechanism appears to be stress-corrosion cracking due to pellet cladding interaction. The failure threshold of unirradiated rods is between 230 and 270 cal/g LTC^.. These values are consistent with previous SPERT and NSRR work. Unirradiated rods subjected to 270 to 280 cal/g UO2 experienced extensive cracking and crumbling, apparently due to cladding wall thickness variations and complete oxidation of the thin sections. Previously irradiated test rods which were subjected to an energy insertion of 320 cal/g U0 ? swelled and blocked the coolant flow channel. Unirradiated test rod damage at an energy insertion of 320 cal/g U0 2 was extensive, but did not result in coolant flow blockage. 
TREE-1235 (March 1979).
The energy insertion measurements reported for these tests were obtained using five independent techniques. There is some discrepancy between the values determined by these various techniques for a few of the tests. These discrepancies are not understood at this time and will be further evaluated. This may result in some minor changes in the above energy values when the final reports are issued.
